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Abstract: 
 
Each year 8,736 billion tons of concrete is used globally, it is the second most used material in the world after 
water [1]. The material culture of concrete goes back millennia but maybe there is a different way to view 
concrete, such as a structure to grow life on rather than as a component of the stark urban environment [2]. 
Every 10 years an area the size of Britain disappears under concrete. In the next decade the urban environment 
is predicted to grow by 30 %[3]. With urban environments on the rise the importance of green spaces is critical. 
The project is based on an architect (PhD Student) developing skills and insight into the technically rigorous 
nature of material development, with the support and expertise of a diverse-disciplinary supervisory team. As 
Morrow says; the architect/designer needs to become a driving force within material development. If building 
materials are ever to move past being designed to only meet technical requirements and the aesthetics being 
an afterthought, then the designer needs to be part of the team to push for a design-led material development. 
By developing a new methodology, materials can therefore be designed to meet a multifaceted cultural 
specification from the outset [4]. This fundamental rethink to material development echoes the words of 
Buckminster Fuller; “You never change things by fighting the existing reality. To change something, build a new 
model that makes the existing model obsolete.”(Fuller, R. Buckminster, 1982, p. 84) [5].  
The project sets itself up as a process of genuine enquiry – charting territory that architects rarely venture into. It 
begins by questioning the vision of facades that do more for people and the environment instead of only 
satisfying technical requirements. It then uses a process of questioning to find its research axis that makes this 
more of a journey rather than a planned A-B route. It starts with the question: Why can’t the modern building 
façade grow/absorb water or dirt?  
This paper aims to examine the complicated issues surrounding the use of concrete and the production of 
waste. It explores the collaboration between a multi-discipline team and the specialties they can all bring to the 
project. It then goes on to look briefly at manufacturing problems, material weathering, why concrete has been 
chosen, and the methodological framework that has been designed to dissect these problems. 
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1.The Problem: 
Each year 8,736 billion tons of concrete is used globally, it is the second most used material in the world after 
water [6]. The material culture of concrete goes back millennia but maybe there is a different way to view 
concrete, such as a structure to grow life on rather than as a component of the stark urban environment [7]. 
Every 10 years an area the size of Britain disappears under concrete. In the next decade the urban environment 
is predicted to grow by 30 %. In 2014, around 54% of the world’s population was living in towns and cities, and 
this number is projected to increase to nearly 70% by the middle of the century [8]. With urban environments on 
the rise the importance of green spaces is critical. 
Despite efforts made by many of us to reduce, reuse and recycle, the fact is we are generating more landfill 
waste now than ever before. Our waste is projected to nearly double globally over the next 15 years. This 
equates to 1.3 billion tons of landfill waste annually, which is projected to increase to 2.2 billion tons by 2025 [9]. 
Much of what is considered as waste can often be recycled, composted or reused in some other form, but 
unfortunately there are still many items and materials that have no further economic or practical use. These truly 
are ‘waste’. This is the focus of the ‘waste stream” research, to utilise materials that have no other alternative 
but to go to landfill and examine how they can be used to create a concrete that prevents the waste going to 
landfill and exploits the waste’s inherent characteristics to make, for example a lightweight concrete [10]. 
‘Consider this: all the ants on the planet, taken together, have a biomass greater than that of humans. Ants have 
been incredibly industrious for millions of years. Yet their productiveness nourishes plants, animals, and soil. 
Human industry has been in full swing for little over a century, yet it has brought about a decline in almost every 
ecosystem on the planet. Nature doesn't have a design problem. People do’. (Braungart, M., McDonough, W., 
2009 p. 15) [11]. 
Another challenge for this project is the element of taking the research outside of the university environment and 
making it marketable. The process of developing a product will become a key aspect within the project. The 
objective of this project is to take the complex problems described above and try to formulate a solution for 
them. This is where the development of the methodology framework becomes key; by creating objectives that 
can dissect this complex problem into smaller, more manageable issues. This is explored in the methodological 
section of this paper. 
2.Team: 
Part of the context of this project is also the team involved in driving it forward – their interests and expertise. 
The team consists of Elizabeth Gilligan (PhD Student), Professor Ruth Morrow (Architect), Dr Sree Nanukuttan 
(Civil Engineer) and Dr Rory Doherty (Environmental Engineering).  
Professor Ruth Morrow is recognised as an innovator in her approach to material development. In 2005 she co-
founded Tactility Factory, which is a collaborative material practice, built to commercialise the patented 
technology they had developed around concrete and textiles. The collaboration is between Trish Belford, a 
renowned textile designer and researcher, and Ruth Morrow, architect and academic. Their working relationship 
stems from a mutual interest and respect for each other’s discipline, but they quickly decided on the utopian 
challenge of making hard things soft as a means to bring purpose and focus to their collaborative practice. The 
ambition of the project also draws on a long-term engagement with inclusive design and feminist critiques of the 
built environment that Ruth, as an architect has previously been involved in [12]. 
 
Dr Sree Nanukuttan has worked extensively in the concrete industry; within his own PhD he developed a 
concrete test instrument that is now commercialised and marketed by Amphora NDT Ltd. He went on to 
specialise in service life modeling of concrete structures and now works on the management of built 
infrastructures. This involves condition assessment and management of bridges, piers, culverts and also 
developing a management strategy for new structures in extreme environments. The same principle is also 
applied to buildings to improve the energy efficiency and reduce carbon footprint. Sree also specialises in the 
durability of structures, whole life management and concrete technology/production process [13]. 
 
Dr Rory Doherty is an academic who applies chemistry, geophysics and microbiology to environmental 
problems to produce viable engineering solutions. Rory’s interests are: The Circular Economy, Reuse & 
Recovery of Hazardous & Valuable Materials, Restoration of Peatlands, Sustainable Remediation of Pollution, 
Identification and apportionment of Potentially Toxic Elements. The Circular Economy is based around good 
design of products that can be reused and upcycled into a second, third, fourth life. Rory’s area of interest is 
how to regain value from materials that are often costly and difficult to manage – hazardous wastes [14]. 
 
Elizabeth Gilligan first developed a fascination for materials in architecture during the final year of her 
architecture degree. After graduation she entered the field of materials research at a world-leading architecture 
firm that taught her the importance of materials in design. It exposed her to all parts of the design process from 
different perspectives working with architects, engineers, product designers, urban planners, acoustic 
specialists and manufacturers. Drawing on her own experience of architecture and design, she was able to 
apply her knowledge to the field of materials and in turn opened a dialogue to question why architects/designers 
are not involved in material development; this is a question that is starting to arise in the industry itself. This led 
to her pursuing a PhD in the field of materials and architecture. In parallel to her PhD, Elizabeth has 
successfully become part of the innovation academy which is a cross-school program (Trinity college Dublin and 
Queen’s University Belfast) that teaches entrepreneurial skills and innovation. This program has significant 
relevance for the research as the skills taught in this program are directly transferable to her PhD; marketing, 
finance and demographics.  
 
With this diverse team that all bring their own unique skill set this project has a solid foundation to explore the 
multifaceted world of material development and design.  
 
• Ruth brings the previous expertise of setting up a cross discipline practice with concrete, design expertise 
and industry knowledge to push this project forward. 
 
• Sree brings the expertise in whole life management, concrete technology/production and concrete 
industry knowledge from an engineering perspective. 
 
• Rory brings expert knowledge on the circular economy, how microbiology can be used to change 
environmental problems and extensive knowledge on waste streams. 
 
The common goal of this collaboration is to develop an architectural façade panel with a low carbon 
footprint and the ability to provide habitats for plants, microbes and/or microorganisms. This requires 
us to oscillate between material science, environmental engineering, concrete technology and 
design language [15]. With the driving factor of design understanding and approach to the materials 
and component development being at its core. 
3. Materials & The City:  
With the population of the urban environment constantly growing, large buildings become a necessity, it makes 
economic sense to wrap these building in cheap materials. Modern day manufacturing techniques have relished 
in this ethos and this has allowed for a boom in quick and cheap building materials [16]. With many buildings 
having tight economical restraints, the uptake of cheap materials is prospering. The ease in production has 
created an influx of cheap materials that do not take into consideration aesthetic qualities or environmental 
issues [17]. 
A recent example of this influx of subpar materials is the Grenfell Tower in London that resulted in tragic 
consequences and loss of life. The cladding used in the renovation of the tower is a Reynobond composite 
aluminium panel with a polyethylene core identified as a cheaper and more flammable variety [18].  
This highlights the importance of architects/designers being actively involved and educated in the material 
world. The need to educate architects in materials is becoming more pressing in the real world with the larger 
architecture firms creating their own material research departments. Materials are becoming an important 
question in the field of architecture. 
‘Rather than waiting for the architect to intervene at a spatial level, the architect/ designer could drive a 
‘humane’ specification process by sitting right at the heart of the manufacturing process of building components 
and materials.’(Morrow, R., 2017, p.82) [19]. As Morrow says; the architect/designer needs to become a driving 
force within material development. If building materials are ever to move past being designed to only meet 
technical requirements and the aesthetics being an afterthought, then the designer needs to become centre 
stage to push a design and quality led development. By developing a new methodology, materials can be 
designed to meet a multifaceted cultural specification. 
As designers, we understand that almost all materials have the ability to absorb the history and memory of a 
place. The surface of a material becomes a historical dialogue between architecture and time, projecting its 
stories into the present day with its rich patina [20]. 
An example of this is stone stairs; in most period buildings a gentle dip that begins to form from years of being 
use, it is almost as if the stair can tell the story of the foot steps that have walked over it. 
 
  
Figure1: Shows the stairs in wells cathedral [21]. 
‘Finishing ends construction, weathering constructs finishes’, this quote from Leatherbarrow and Mostafavi, 
epitomises the material life cycle in buildings [22]. 
Cities are full of rough surfaces, shadow, and texture; the surface of architecture gives building their individuality 
[23]. These textured surfaces give the city a personality and creates places that beg to be understood through 
the medium of touch. 
‘[..] make real the presence of the material in use in the building, so that people warm to them, want to touch 
them, feel a sense of the material itself and of the people who made and designed it’ (Rice, 1994: 76–77) [24]. 
 
Such textured surfaces are becoming increasingly difficult to find in modern additions to cities; the new order is 
smooth with glass structures dominating the skyline not creating spaces for nature or even their human 
inhabitants. This has led to a large-scale assembly of buildings without any character of localisation and 
suggests a distance between the civic and social aspects of urban living.  
Façade in the modern term usually refers to a decorative skin, added to a building once all the structural work 
has been completed. But just because façades can be a superficial 'layer', does not mean that they cannot be 
consequential and affect the way inhabitants use and experience the city [25]. 
Take for example Piazza San Marco in Venice. During the day the square is alive with light, the buildings 
facades create shade and texture, giving life to this central space in the heart of Venice. At night it becomes 
another element; the facades take on an almost theatrical backdrop to the real life that is happening in the 
square. This may seem simple but the facades are a key part of the human scale element in any building. 
 
 
Figure1: Shows the view from Piazza San Marco day/night [26] [27]. 
 
They have the ability to create spaces around buildings that either pull or push people away.  
With regards to green social spaces, the use of texture and social context allows for successful spaces; in 
Singapore a project that highlights this harmony with nature is shown in the project ‘Gardens by the bay’ which 
forms a nature park spanning 101 hectares (250 acres) of reclaimed land in central Singapore, adjacent to the 
Marina Reservoir. The project consists of multiple 50ft high metal structures that form vertical gardens that are 
now host to a multitude of plants and wildlife [28]. 
This scheme is designed with the existing infrastructure taken into account and not just an urban planning 
afterthought. This creates harmony between the city and nature, I propose that this could be done with all 
buildings - we just need to adjust the way we see things and how we approach the design and manufacture not 
just of the forms within our cities but also the materials and components of those forms. 
In the words of Buckminster Fuller “You never change things by fighting the existing reality. To change 
something, build a new model that makes the existing model obsolete.”(Fuller, R. Buckminster, 1982, p. 84) 
[29]. 
The aim of the research is to highlight the need for architect/designers in the material development world, 
creating materials that do not just address a technical need but also meet a multifaceted cultural need, 
demonstrating that architects and designers need to be included in material development discussions. 
The project itself is unique in the fact that it can’t be confined to answering one line of questioning, similar to 
most scientific research. It begins by hypothesising that facades that do more for people and the environment 
than just satisfying technical requirements. It then uses a process of questioning to find its research axis making 
this more of a journey rather than a planned A-B route.  
So why can’t modern building façade grow or absorb water and dirt?  
4. Why concrete? 
Concrete is the chosen base material for this project for a variety of reasons which I will outline briefly below; the 
supervisions’ teams accomplished knowledge on the subject of concrete was key to the decision making 
process as well as the inherent characteristics listed below: 
• Cost effective way to provide robust building material 
• Available globally and is a widely commercial viable building material  
• Versatile finishes and textures 
• Low waste/material efficiency 
• Easy integration of waste streams 
• Sustainable mix design available [30] 
 5. Methodology: 
As discussed above, the problems are multidimensional and complex. This methodological framework is 
intended to act as a tool to help dissect these large issues into small manageable problems. The project is 
based on an architect (PhD Student) developing skills and insight into the technically rigorous side of material 
development with the support and expertise of a diverse supervisory team. The supervision meetings 
themselves are conducted through visual pin-ups to help break down the barriers between the disciplines and 
create and open forum for discussion. 
 
Figure 3: Pin up from a supervision meeting. 
It is hoped that the process as a whole will reveal what is possible/ not possible when architectural thinking is 
applied to early-stage material development. Within the timescale of the project it is likely that relying on 
recognized / existing technologies will naturally form the first part of the process during stage one of testing. 
This may then develop further by hybridizing the technologies through a design approach. The aim of this 
project is therefore to create an architectural façade panel that will be made from a low carbon based concrete 
(geopolymer cement) and use a waste stream to enhance the concrete characteristics [31]. This will be used as 
a habitat either for plants, microbes and/or microorganisms but to understand this growth, research will be 
conducted into water need and retention within the concrete and what nutrients would be needed to support life. 
The aims of this project are placed into 5 key objectives outlined below. 
Objective 1: Background Research: Research will be conducted into existing technologies, emerging 
research, waste streams, a multi-criteria analysis tool, concrete mixes, geopolymers and sustainable Façade 
systems. The research to date has examined current understanding and the latest industry/ university activity 
around cement/concrete. I has also investigated viable waste streams and used the multi-criteria analysis tool 
decided on the chosen waste streams. 
Objective 2: Comparison and Critique: All the objectives will involve Critical feedback sessions with 
supervisors, throughout the project, discussions will not be hidden in the university environment and feedback 
from industry leaders as well as other specialists will give a whole market picture, not just a skewed focus. The 
research has benefited from frequent feedback session and review panel, giving a good picture into the market 
place.  
 
 
Figure 4: Visual storage of possible waste streams for the Project. 
Objective 3: Experimental work: The experimental work will be focused around the design of a façade panel 
and integrating the chosen waste streams. The initial experiments will be determine the concrete mix (ratios) 
that are suitable, using first an OPC (CEM1) and then various geopolymer mixes. The panel will then be tested 
to see how it meets both the environmental and aesthetic criteria. The first stage of the experimental/design 
process aims to incorporate waste stream materials into concrete and to understand the maximum replacement 
ratios. I have begun producing moulds and conducting initial experiments. 
Objective 4: Environmental: The facade will offer a habitat for a range of living things and part of the research 
will be to understand the variety of life that can grow on such substrate. I have been in contact with experts 
within the university to look at the limits of life with regards to growth on concrete. I have also conducted 
literature reviews into existing technologies for growth on materials. 
Objective 5: Material Design Methodology: To document the trials of a design lead experimental process by 
charting the process; including mistakes and successes. This documentation of the process will allow me to 
map the journey of design-led material development (so that others can follow). This will be done through a blog 
and twitter feed to build a reputation and profile. I have been collating the process of the design lead 
methodology and now need to start a blog to document the process. 
As part of the methodology for this project I have developed a multi-criteria analysis tool to reduce the amount of 
waste streams that are deemed suitable. The system consists of a mix between an LCA software, economical 
tool and risk analysis. The hybrid-tool that I have used to dissect each material consists of three key scores; 
sustainability, market need and risk. Each material has a basic data sheet produced that accesses its basic 
material characteristics i.e. compressive strength, composition and texture etc. This information was not used in 
the material scoring but as contextual research to understand each material.  
Sustainability Score: The sustainably score is based on an LCA software collating and evaluating 
information on the environmental performance of the material across its full life cycle, from cradle to grave. To 
better understand and address the possible environmental impacts associated with the material.  
Each material is scored under 4 main categorises with multiple subheadings: 
 
Water Use: cleaning, production and whole life. The water use category takes into account the amount of water 
that it takes to produce each material. 
 
Waste: cost of waste disposal, renewable (decomposition time), amount sent to landfill and hazardous. This 
takes into account the disposal of the waste element by looking at how big of an impact this waste has on 
current landfills, cost, if the material is hazardous and the amount sent to landfill. 
Energy: affordability of the waste, locally available (where is it produced), chemicals in material and carbon. 
The energy use category looks at the amount of energy embodied within each material with regard to carbon, 
where the material is produced, is it an affordable material and what chemicals are in the material. 
 
Biodiversity: land use and natural resources. This takes into account the biodiversity of the material, so that it 
can be understood what this material requires to be manufactured. 
 
Market need: The market need score is based on marketing models, business school tools and Theodore 
Levitt’s ‘The total product concept’ [11]. By taking these concepts and applying them to a material to understand 
its wider impact in terms of supply, processing and potential benefits. Each material is scored under 3 
categories with multiple subheadings: 
Supply: availability (is the material seasonal) and demand (increase/decrease). This takes into account the 
supply of the material, so that if this material were to be scaled up for uses in the concrete industry there would 
be enough waste to make it viable. 
Processing: cost, time and transport. The processing category takes into account the economical benefits of 
using this waste product. 
Potential benefit to concrete: thermal retention, nutrients (to sustain life) and water absorption. The potential 
benefits take into consideration the existing research with the material in concrete and gives research contexts 
to the market need material score. 
Risk: The risk score is based on a business risk analysis. Using these principals and applying them to 
materials to understand the risk that using one of the materials could pose. Each material is scored under 5 
categories: 
Future issues: The future issues category gives an idea of any potential or impending issues with the material 
for example supply and demand. 
Material life cycle: The material life cycle looks at a material from cradle to grave and if there are any issues 
with, for example land contamination. 
Durability: The durability category looks into the time it takes to decompose and helps to understand how 
durable to the environment the material is. 
Workability: The workability category examines previous research and looks to see if there are any issues with 
adding the material to concrete (how does it affect the mix). 
Scalability: Scalability looks at what percentage the waste represents of the global concrete use. 
This hybrid-scoring tool gives a complete overview of the material and allows for an objective decision to be 
made on which materials to move forward with and the materials to discard. The scoring system is based on a 
scale 1-7; the lower the score the more sustainable and lower risk the material is. 
Figure 5: A visual representation of the sustainability score. 
 
  
Figure 6: All scores taken from sustainability, market need and risk.  
 
6. Conclusion So Far: 
This methodological framework will become the benchmark for achieving this project. It will allow for industry 
feedback to help develop a material that can make a real change within its field. The research has now reached 
a point in the project where the waste streams have been decided; it is now time for the experimental test and 
industry feedback. The journey so far has had many ups and downs but the shared enthusiasm by the team is 
something that has never wavered. The biggest challenge of working in a multidiscipline environment is 
overcoming cultural (discipline) misunderstanding and the limitations of my own knowledge. To help integrate 
our separate disciplines, all supervision meetings are conducted in a pin up style, which encourages a more 
transparent and discursive process. This intends to make the experience more pleasurable for the non-design 
supervisors as well as provide a platform for feedback from their different perspectives. 
“Global warming is not only the number one environmental challenge we face today, but one of the most 
important issues facing all of humanity... We all have to do our part to raise awareness about global warming 
and the problems we as a people face in promoting a sustainable environmental future for our 
planet.”(Blanchard, T., 2007, p. 28) [32]. 
I am under no assumption that the research will change the world or in fact impact on climate change but I truly 
believe that we must all do our bit for the planet be that in researching alternatives to our most carbon intensive 
practises or recycling waste at home. Everyone can make a difference and it starts with a small change. 
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